Abstract-This study investigated what handle operation and turning gain is comfortable for people using an inverted pendulum vehicle that is changeable the handle operation. Experimental conditions were three conditions. First is a slalom course with two cones placed at an interval of 1.8 m. Second is a slalom course with five cones placed at an interval of 1.4 m. Third is a slalom course with six cones placed at 1.8m, 1.4m, 1.8m, 1.4m, 1.8m, and 1.8m interval. The first condition considered the difference of handle operation between subjects who were used to ride and not used to ride. The second condition considered the difference of maneuverability due to gains. The third condition considered the difference of maneuverability between two handle operations in real running space in a condition of 10 gains. In a result of the first condition, a subject who was used to ride run effectively and running time is short compared with a subject who was used to ride. However, in handle yaw rotation, the difference of maneuverability was small. In a result of the second condition, running mileage about the same in two handle operation, but running time of handle yaw rotation is shorter than that of handle roll rotation. In a result of the third condition, like the second condition, running time of handle yaw rotation is shorter than that of handle roll rotation. In questionnaire evaluation, the best gain is the lower gain, 0.02. At last, An experiment was carried out by 14 subjects in the best gain, 0.02 that is best both handle operation. In the result of this experiment, 12 subjects answered that handle yaw rotation is better than handle roll rotation.
INTRODUCTION
Environmental and energy problems are of increasing interest, and alternative means of transportation have been considered to solve this problem. Daily transportation involves walking, bicycles, and cars depending on the time and situation. Recently, personal mobility vehicles (PMVs)-which are environmentally friendly and useful for short-to mid-range transportation-have attracted some attention.
Some examples of PMVs include inverted pendulum vehicles such as the Segway and the Winglet. In addition to their usefulness over short-to mid-range distances, inverted pendulum vehicles are either human-powered or electrically powered, which emit no exhaust gas and are thus environmentally friendly. For this reason, the use of such vehicles has been spreading for security and recreational activities. For ensuring their convenient use, verification experiments have been made for the implementation of PMVs as efficient and user-friendly transportation systems.
The studies of PMVs include those focused on the improvements and usage of common PMVs, as well as those on developing new PMVs such as high-performance wheel chairs and amphibious bicycles and tricycles. Studies on inverted pendulum vehicles include those focusing on the stability and relationships between the vehicle and the controller and between the vehicle and pedestrians. Controllability studies on PMVs involve the investigation of the stable driving of rides using bicycle steering, model analysis, and braking. However, few studies have focused on the vehicle's handle operation and controllability.
This study focused on two types of operations:
1) Turns by holding down the handle axis (handle roll rotation) and 2) Turns by rotating the handle (handle yaw rotation).
The purpose of this study is to experimentally compare the controllability of the two types of handle operation.
II. TEST VEHICLE
The handle of the test vehicle used in this study was replaceable. The handle of the test vehicle could be either of the handle roll rotation (Fig. 1) or the handle yaw rotation (Fig.  2) variety. The maximum rotation of the handle roll rotation was 20° to the left and the right, and that of the handle yaw rotation was 30° to the left and the right. The vehicle equipped with a Bluetooth communication function for measuring the number of wheel rotations and handling angle. The data sampling period for the measurements was 0.1 s.
III. CONTROLLABILITY EXPERIMENT
The experiments were carried out under the three conditions listed below. The condition 1 studied the behaviors of experienced drivers (who had driven10 times or more) and completely inexperienced drivers. The condition 2 selected the most appropriate steering gain for each handle operation. The condition 3 investigated which handle operation had better controllability.
A. Difference Between The Experienced And Inexperienced
Drivers This experiment was carried out under the conditions shown in Table 1 . The drivers were six adult males, five of whom were experienced and one of whom was inexperienced. The test course was a slalom with two cones with a distance of 1.8 m between them, as shown in Fig. 3 . The driving trajectory was measured using a three-dimensional operation analysis device (VICON). Each driver rode around the slalom for three cycles with each of the two handle operations and three different gains, i.e., large (0.02), medium (0.012), and small (0.008), making a total of six patterns. After the test rides, the drivers answered a five-level controllability evaluation survey. Fig. 6 show the ride times of the experienced and inexperienced drivers, respectively, with handle roll rotation. Fig. 7 and Fig. 8 show these ride times with handle yaw rotation. Comparing the rides of the experienced and inexperienced drivers revealed that the both types of the driver had smaller handle angles with increasing steering gain. The inexperienced driver's ride time was significantly longer than those of the experienced drivers in both handle roll rotation and handle yaw rotation. The difference in the ride time between the experienced and inexperienced drivers was smaller for the handle yaw rotation than that for the handle roll rotation. Fig. 9 and Fig. 10 are the drive trajectories of the experienced and inexperienced drivers, respectively, using handle roll rotation; similarly, Figs. 11 and Fig. 12 are those with handle yaw rotation. With both handle operations, the inexperienced driver had trajectories that were compared with those of the experienced drivers. Moreover, Fig. 13 and Fig. 14 show that the inexperienced driver cut the wheel more than the experienced drivers. Here, "cutting the wheel" means the change of sign of the handle angular velocity. 
B. Selection of Steering Gain
This experiment was conducted under the conditions shown in Table 2 . Five male adult subjects drove on a slalom course with combinations of large (1.8 m) and small (1.4 m) distances between the cones. Each subject made two cycles around the course for each of the five steering gains; 0.012, 0.02, 0.03, 0.04, and 0.05. This study included gains larger than 0.05; a subject who is used to ride a subject who is not used to ride 12 | P a g e www.ijacsa.thesai.org 0.06, 0.07, 0.08, 0.09, and 0.1 in the survey. Considering the order effect, the steering gains were measured in the order 0.012, 0.03, 0.02, 0.04, and 0.05. For the survey, the gains were placed in the order 0.06, 0.08, 0.07, 0.1, and 0.09 in addition to the former gain order. The subjects answered an evaluation survey after the test drives. Fig. 17 show the distances traveled; Fig. 18 and Fig. 19 show the ride times; Fig. 20 and Fig. 21 show the numbers of cuttings of the handle, in other words, changes in the turning direction of the handle. Similar to the section 3.1, the handling angles become smaller as the steering gain increase for both handle operations. There was almost no difference in the distance traveled between the two handle operations. On the other hand, the ride time with handle yaw rotation was approximately 6 s shorter than that with handle roll rotation. Moreover, the amount of cutting of the handle was less for the handle yaw rotation for all the steering gains. These comparison implied a higher efficiency of the handle yaw rotation.
The survey results were evaluated from two aspects: the handling performance, which pertained to the controllability, and riding performance, which was related to the balance of the ride. Fig. 22 and Fig. 23 show the results of the handling performance of the handle roll rotation and handle yaw rotation, respectively. Fig. 24 and Fig. 25 are the results of the controlling performance. The vertical axis shows the rating with 5 being the most and 1 the least desirable riding conditions. The error bars show the standard deviations. In both surveys, the steering gain of 0.02 had the highest ratings. 
C. Comparison Of The Controllability Of Handle Roll Rotation And Handle Yaw Rotation
In this section, it is examined which handle operationhandle roll or handle yaw-was better based on the experiment and survey results. By using the gain of the highest rating (0.02 for both handle roll rotation and handle yaw rotation) as shown in section B, answers to a survey were obtained from 14 subjects. The test course was a slalom with three cones with an equal distance of 1.8 m. The subjects were adult males and females, and none were experienced in driving these vehicles. The method of answering the survey was the same five-level rating as in the previous section. Fig. 26 and Fig. 27 show the five-level survey results for the respective handle operations. Of the 14 subjects, two answered that the handle roll rotation had better controllability than did the handle yaw rotation, and 12 answered the other way around. As a result of a sign test, there was a significant difference between the two handle operations, as shown in Fig. 28 , which indicates that the handle yaw rotation has better controllability. Moreover, there was no subject who indicated that the handle yaw rotation was difficult to ride. The above results thus suggest that handle yaw rotation has better controllability. Number of subjects
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IV. DISCUSSIONS
This section discusses the characteristic differences between the handle roll rotation and the handle yaw rotation and these effect. In handle roll rotation, the driver's body tends to tilt as the handle is held down from left to right and vice versa. Consequently, the ride easily goes off course on a slalom as the driver's body tilts frequently. In handle yaw rotation, on the other hand, the handle axis is fixed, and the steering is performed by rotating the handle in the direction of the yaw. Unlike handle roll rotation, this method allows steering in the upright position, leading to stability without tilting the driver's body to the right or the left, even during sharp turns. The unfavorable results for handle roll rotation obtained in section C were because inexperienced drivers were likely to feel instability while controlling the vehicle with their bodies tilted. As a result of this study, it is discovered that both experienced and inexperienced drivers found the handle yaw rotation easier to control. This is likely because handle roll rotation involves tilting one's body while handle yaw rotation does not. As the driver experiences centrifugal force while steering, the force is larger for handle roll rotation than for handle yaw rotation. Thus, it is likely that the inexperienced drivers felt instability upon steering, leading to a higher rating for handle yaw rotation than that for handle roll rotation. Analysis 
